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Abstract 

> 



In this paper, we consider large non-Gaussianity generated after D-term inflation in the 
case that the adiabatic curvature perturbation produced is dominated by a right-handed 
(RH) sneutrino curvaton. The cosmic string problem can also be evaded with around 10% 
contribution to the CMB power spectrum and the spectral index n s ~ 1. The non-Gaussianity 
produced can be as large as 10 < Jnl < 100 for the right-handed sneutrino mass being around 
m$ = 100 GeV with the Yukawa coupling \ u ~ 10~ 10 . In this case, the lightest neutrino 
mass is 10" 10 eV which favors RH sneutrino leptogenesis. 
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1 Introduction 

Inflation P, EJ [3] (for review, [U El E]) is a vacuum energy dominated epoch in the early universe 
when the scale factor grew quasi-exponentially. This scenario is used to set the initial condition for 
the subsequent hot big bang and provides primordial density perturbation as the seed of structure 
formation. There are a lot of inflation models being introduced in literature. The spectral index 
n s is a useful observable to discriminate among various inflation models. However, as experiments 
improve, there exists another useful observable - non-Gaussianity - characterized in some models 
with a non-linearity parameter f^L- F° r a review of non-Gaussianity see Ref. [7]. 
The non-linearity parameter Jnl takes the form 

C(x) = C 5 (x) + ^ L C 9 2 (^) + ---, (i) 

where ( is the curvature perturbation in the uniform density slice, ( g denotes the Gaussian part 
of (. The non-linearity parameter f^L parameterizes the non-Gaussianity forming the irreducible 
3-point correlation function. 
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Large primordial (local-type) non-Gaussianity was reported (2-cr range) [8] 

27 < f NL < 147 , (2) 

while the result from WMAP team is (2-cr range) [9] 

-9</ 7VL <lll, (3) 

which is more conservative. Recently, a new results (2-cr range) 

- 18 < < 80 (4) 

is obtained in [10]. In the near future, the Planck satellite [11] will reduce the bound to \/nl\ $ 10 
if non-Gaussianity is not detected. Therefore, we investigate the possibility of producing 10 < 
Jnl < 100 in this work. We refer this range as large non-Gaussianity. 

In the framework of supersymmetric inflation models, one of the interesting models is D- 
term hybrid inflation. It is well-known that hybrid inflation alone produces very small non- 
Gaussianity (I/atlI < 1) [13]. If large non-Gaussianity is detected in the future, the model will 
face great difficulty This issue was mentioned in [T3], which pointed out that D-term inflation 
has to be extended in order to generate detectable non-Gaussianity. In this work, we investigate 
the possibility of producing large non-Gaussianity in D-term inflation by adding a right-handed 
sneutrino field, which plays the role of a curvaton. The possibility of using right-handed(RH) 
sneutrino as a curvaton was considered in [151 EE El HB]- However, non-Gaussianity was not a 
big issue at that time, and so the parameter space that can generate large non-Gaussianity was 
not explored. 

The idea of introducing a right-handed sneutrino field into D-term inflation has been considered 
by one of us in Refs. [THl [20] • The purpose was to transform the potential into a hilltop form [21] so 
as to reduce both the spectral index and the cosmic string energy per unit length via supergravity 
effects. The required mass of the right-handed sneutrino is about 10 11 GeV. On the other hand, 
we show that if the right-handed sneutrino mass is much smaller, around 100 GeV, it can play the 
role of the curvaton, generate large non-Gaussianity and also suitable for leptogenesis. 

The organization of this paper is as follows. In Sec. [2} we summarize the formalism and describe 
non-Gaussianity generated in the curvaton scenario. In Sec. [31 we introduce a right-handed 
sneutrino field, which plays the role of a curvaton. In Sec. HJ we apply this right-handed sneutrino 
curvaton to D-term hybrid inflation and show its consequence. Section [5] is our conclusion. 



2 Non-Gaussianity in curvaton scenario 

The curvaton [221 1231 [2H [25] is another source of fluctuations other than the inflaton which can 
contribute to the cosmic density fluctuations. During inflation, the energy density is dominated by 
the potential of the inflaton, thus the fluctuations of the curvaton field are initially of isocurvature 
type. After inflation, the inflaton energy density is converted into radiations. If the curvaton field 
decays later than the inflaton field, the density fraction of the curvaton to the total energy grows 
and eventually generates the adiabatic curvature perturbation after its decay. Thus, in this case 
constraints on models of inflation can be alleviated to some extent. It is also shown that large 
(local type) non-Gaussianity can be produced in this scenario [261 123 [28] . 

x It is possible to produce large non-Gaussianity after hybrid inflation via Tachyonic preheating as in [12j . We 
don't consider this possibility in this paper though. 
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Here we give a brief review of the non-Gaussianity generated from curvaton. We consider a 
potential of curvaton a as follows (we follow the notation used in |29j ) 

V(a) = imV. (5) 

During inflation we assume m <C H, a is therefore slow-rolling, which means the field value can 
be taken as a constant during inflation. 

The amplitude of quantum fluctuation of the curvaton field in a quasi-de Sitter space is given 

by 

^=§, (6) 

Z7T 

where * denotes the epoch of horizon exit during inflation. The spectrum of fractional perturbation 
is 

pi/2 ^<^_J_El (7) 

Initially since the curvaton energy density is subdominant, its fluctuations are of isocurvature type. 
After inflation and curvaton decay, the initial isocurvature perturbation is converted into adiabatic 
curvature perturbation which is given by [25J 



2 „ „i /■). 1 „ H. 

F C* = 

where 



n a>D = (-^-} . ( 9 ) 



Ptot 



D 



If the curvature perturbation is dominated by that generated from curvaton, the spectral index 
takes the form 

n s = 1 + 2rj a(T - 2e H , (10) 

where 

1 <PV{a) H. 

The bispectrum is given by [251 EH] 



fc = 5w (12) 

This shows that the non-Gaussianity increases as the curvaton energy density decreases. A large 
non-Gaussianity is obtained if f2 CT ,D <^ 1- 

We denote to as the time when the curvaton starts to oscillate, to the time when the curvaton 
decays and assume a(t ) = 1. T denotes the decay rate of the curvaton. The energy density of 
curvaton and radiation are 

Pa(to) = 7j m2(X ^ ( 13 ) 
p R (t ) = 3M|m 2 , (14) 
p R (t D ) ~ 3M|T 2 ~ p R {t )a-\t D ), (15) 

where we use the fact that radiation energy density goes like a -4 . Therefore, 

a{t D )*[ T ) and ft,^ _ = , (16) 
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where we have assumed that the radiation dominates when the curvaton decays. This is valid as 
long as we consider large non-gaussianity produced. From Eq. (1121) . we have 



fVMlfL) 1 *. (17) 



2 \m 

If the curvaton dominates the curvature perturbation, then from CMB normalization (Pr = 
2.457 x 10~ 9 ) [U] and using Eq. flSJCEl, we obtain 

f NL = 2.68 x 10 3 — . (18) 

3 Right Handed Sneutrino as a Curvaton 

There are evidences that neutrino masses are non- vanishing as indicated by the neutrino oscillations 
observed by the Super-Kamiokande [HT] and SNO collaborations [22] . The lightness of the neutrino 
could be explained by the see-saw mechanism. The superpotential of the mass eigenstate RH 
neutrinos, $», is given by 

Wu = \ u $H u L+ 1 ^-, (19) 

where $ is the RH neutrino superfield, H u and Lj are the MSSM Higgs and lepton doublet super- 
fields, and m$ is the RH neutrino mass. The first term describes the Yukawa coupling of the RH 
neutrino. This leads to Majorana neutrino masses via the see-saw mechanism [33] • The neutrino 
mass m u is given by the eigenvalue of the see-saw mass matrix. 

m v = (20) 

where m u jy = Xd(H u ) is the Dirac mass coming from Higgs mechanism and (H u ) ~ 174 GeV. 
The decay rate for right-handed sneutrino is 

\2 

r$ ~ -^m$ . (21) 

4:71 

We are going to use RH sneutrino as the curvaton field, hence from Eq. (fT7l [IS]) , we obtain 

~ Y^fT^ ~ C (22) 



The validity of this equation is based on the assumption that the classical field value <3>* is larger 
than its quantum fluctuation H/2n during inflation. Therefore, besides constraint from observation 
{fNL 1z 100), there is an upper bound for the possible non-Gaussianity (/jvl "Z 1000). We cannot 
simply choose small to get arbitrary large non-Gaussianity. 

4 D-term Inflation and Non-gaussianity 

The superpotential of D-term hybrid inflation is given by pH [35l [36], [37] 

W = AS$ + $_ , (23) 
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where S is the inflaton superfield, A is the superpotential coupling, and $± are chiral superfields 
charged under the U(1)fi gauge symmetry responsible for the Fayet-Iliopoulos term. The corre- 
sponding scalar potential is 



9 12 12 , ,-\ 2 



V(S, $+,$_) =A 2 [| 1 S| 2 (|$+| 2 + |$_H + |$ + | 2 |$_| 2 j +^(|$ + | 2 - |$_| 2 + ej" , (24) 

where £ is the Fayet-Iliopoulos term and g is the U(1)fi gauge coupling. A very small g (far 
smaller than order 0(1)) is regarded as unnatural, because we do not know of any small (for 
example g < 10~ 3 ) gauge couplings in particle physics. The true vacuum of the potential is given 
by \S\ = |$+| = and |$_| = V£. When \S\ > \S C \ = #£ 1/2 /A, there is a local minimum occurred 
at |$ + | = |$_| = 0. Therefore, at tree level the potential is just a constant V = g 2 ^ 2 /2. The 
1-loop corrections to V can be calculated using the Coleman- Weinberg formula 



A1/ = ^E(-l)Vln^, (25) 

i 

with rrii being the mass of a given particle, where the sum goes over all particles with F = for 
bosons and F — 1 for fermions and A is a renormalization scale. Thus the 1-loop potential is given 
by (setting <p = v / 2Re(5)) 

y(5) = v, °( 1 + i& b (£))' (26) 

where V = g 2 £ 2 /2. 

The curvature perturbation generated from inflaton field is 

1 V 3 

where V = dV/d(p. Hence the curvature perturbation in D-term inflation is given by 

£ 2 N 

p ^hf- < 28 > 

In this case the observed curvature perturbation is obtained when 

e 1/2 = 7.9x 10 15 (^) 1/4 GeV. (29) 

After inflation the U(1)fi gauge symmetry is spontaneously broken by the VEV of cosmic 
strings form. The mass per unit length of the string is given by 

[i = 2< . (30) 

The 10% cosmic string bound corresponds to an upper bound for £ |39| HQ]: 



/60\ 1/4 

i 112 < 4.0 x 10 15 rjA GeV . (31) 

However, from Eq. (|28l) . we can see that the curvature perturbation produced from inflation will 
be much lower than the observed value. It is fine though, if the curvature perturbation is produced 
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via a curvaton instead of the inflaton. It is well known that introducing a curvaton can reduce the 
scale of inflation (for example, see [HI 02], H3J E]). 

The method of introducing curvaton for dealing with the cosmic string problem has been 
considered in [451 06] , those papers are focused on dealing with the cosmic string problems. On 
the other hand, conventional D-term inflation can be ruled out if large non-Gaussianity is detected 
in future experiment. In order to generate large non-Gaussianity, D-term inflation have to be 
extended in some ways [Hj. In this paper, we consider the possibility for generating large non- 
gaussianity from a right-handed sneutrino field. 

We assume that there is about 10% contribution to the CMB power spectrum coming from 
cosmic strings, which form after D-term hybrid inflation which implies H* = 1.14 x 10~ 7 Mp. We 
are interested in producing large non-gaussianity (10 < /nl < 100). From Eq. (1221) this implies 
3 x 10~ 6 <$,<3x 10" 5 , this corresponds to 4.25 x 10~ 10 < A„ < 4.25 x 10~ 9 . For m$ = 100 GeV, 
from Eq. (T20|) the lightest neutrino mass is 10~ 10 eV. This favors RH sneutrino leptogenesis [T6j . 

WMAP data prefers a red tilted spectrum with spectral index n s ~ 0.96 [9] which is not easy 
to achieve in the curvaton scenario. In our model, because we choose a small RH sneutrino mass 
(m$ = 100 GeV), from Eq. (ITUl) . the spectral index is n s ~ 1. However there is a way out. For 
10% cosmic string contribution to the CMB power spectrum. n s ~ 1 is actually the required value 

HUSH]. 

5 Conclusions 

The curvaton scenario allows to generate the observed level of density perturbations with a lower 
scale of inflation. Thus when applied to D-term hybrid inflation, cosmic string problem can 
be evaded. Furthermore, in this paper, we shown that if we use right-handed sneutrino with 
a small mass 100 GeV (which is favored by RH sneutrino leptogenesis) as the curvaton, large 
non-Gaussianity /jvi = 10 — 100 can be produced. 
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